INTRODUCTION
All higher plants examined contain two pathways for mitochondrial electron flow: the cytochrome respiratory pathway and the alternative respiratory pathway (Bendall, 1958; Bendall and Bonner, 1971) . The alternative pathway diverges from the cytochrome pathway after the ubiquinone pool (Bendall and Bonner, 1971; Rich and Moore, 1976; Storey, 1976) . Therefore, electron flow through the alternative pathway is not coupled to ATP synthesis at the two sites of proton gradient formation (complexes 111 and IV) that are downstream of the ubiquinone pool (Storey and Bahr, 1969; Moore and Bonner, 1982) . The energy of electron flow through the alternative pathway is not conserved as chemical energy, but is lost as heat (Storey and Bahr, 1969) . Specific floral tissues of some aroid plants develop such a high level of the alternative pathway that they become thermogenic (Meeuse, 1975; Day et al., 1980; Raskin et al., 1987) . On the day the inflorescence of the aroid species voodoo lily blooms (D-day), the capacity of the alternative pathway in the appendix tissue is 300 to 1000 natoms Olminlmg protein and the temperature of the tissue increases about 9 to 12OC above ambient temperature (Raskin et al., 1987) . Immature appendix tissue (8 to 2 days prior to blooming, D-8 to D-2) has a relatively low alternative pathway capacity, 50 to 100 natoms Olminlmg protein. In voodoo lilies, the heat produced during blooming is used to volatilize foul smelling To whom correspondence should be addressed. compounds, such as indoles, which attract insect pollinators (Meeuse, 1966) . The role of the alternative pathway in nonaroid plants is unknown (Lambers, 1985) .
The appearance of three antigenically related mitochondrial proteins with apparent molecular masses of 35,36, and 37 kD strongly correlates with the activity of the alternative oxidase, the terminal oxidase of the alternative respiratory pathway, in voodoo lily appendix tissue (Elthon and Mclntosh, 1987) . A 42-kD protein that is a putative precursor of all three of these alternative oxidase proteins has been identified (Rhoads and Mclntosh, 1991) . Because only the 42-kD protein was immunoprecipitated from products made by in vitro translation of total voodoo lily RNA, it is likely that the 35-, 36-, and 37-kD proteins are post-translationally modified products of the 42-kD protein. A cDNA clone, pAOSG81, corresponding to the nuclear gene aoxl, encoding the 42-kD protein, has been isolated and characterized (Rhoads and Mclntosh, 1991) .
Salicylic acid (SA) has been shown to be an endogenous "trigger" of thermogenesis in voodoo lily appendix tissue (Raskin et al., 1987) . SA is produced in the male floral region of the inflorescence and moves into the appendix beginning early on D-1 and "triggers" thermogenesis at about noon of D-day (Raskin et al., 1987 (Raskin et al., , 1989 . The level of SA in the appendix increases from below 100 ng/g fresh weight as late as 13-2 to more than 1.0 pg/g fresh weight on D-day (Raskin et al., 1989) . SA has also been shown to dramatically increase both the alternative pathway activity and the levels of the 35-, 36-, and 37-kD alternative oxidase proteins when it is applied to voodoo lily appendix tissue sections (Elthon et al., 1989b) . Prior to the application of SA, the 37-kD protein is constitutively expressed and is present at a moderate level in immature appendix tissue. All three alternative oxidase proteins are present in great abundance in the tissue sections following incubation in a phosphate-buffered solution containing SA. In addition, Raskin et al. (1989) showed that light is required for SA to cause thermogenesis in appendix tissue sections.
SA may be involved in flowering in many plant species (Raskin, 1992) and in systemic acquired resistance in others (Malamy et al., 1990; M6traux et al., 1990; Rasmussen et al., 1991) , and the endogenous level of SA is very high in a few species of higher plants, including rice . However, the pathway by which SA is produced and the mechanisms by which SA acts remain unknown. Therefore, identification of the mechanism(s) by which SA regulates gene expression in voodoo lilies will be valuable in understanding the role(s) of SA in various plant tissues, the physiology of plant responses to pathogens, and the physiology of thermogenic tissues. Figure 1A shows that the 37-kD alternative oxidase protein was constitutively expressed in the appendix tissue and was present at about the same level in the appendix on D-5 and D-4 (lanes 1 and 2). The level increased significantly by 10 AM of D-3 (lane 3) and reached a peak on D-day (lane 6). The levels of the 35-and 36-kD proteins were very low in the appendix tissue at D-5 and D-4 (lanes 1 and 2) and increased dramatically by 10 AM of D-3 (lane 3). The levels continued to increase steadily on D-2 (lane 4) and D-1 (lane 5), and were the highest on D-day (lane 6). It is interesting to note that the levels of the alternative oxidase proteins were already fairly high by D-3, even though thermogenesis does not occur until about noon on D-day. Figure 1B shows that the 1.6-kb alternative oxidase transcript accumulated to a very high level in the appendix tissue of the voodoo lily inflorescence by 10 AM of D-1 (lane 2). Comparatively little of the 1.6-kb transcript was present at 10 AM of D-2 (lane 1). The level of the 1.6-kb alternative oxidase transcript, relative to the total RNA of the appendix tissue, was significantly higher at 10 AM of D-day (lane 3) than it was at 10 AM of D-1 (lane 2). a peak by about 16 hr after SA application. The capacity was slightly lower by 24 hr after application. Quantitatively, the capacity at the 16-hr time point was almost threefold higher than the capacity at time 0, and the capacity decreased about 20% by the 24-hr time point. Figure 3A shows that the levels of the alternative oxidase proteins, particularly the 35-and 36-kD proteins, at each time point corresponded to the alternative pathway capacity (compare to Figure 2) . A slight increase in the levels of the 35-and 36-kD proteins, compared to a time 0 and negative control, was observed as early as 5 hr after SA application (D. M. Rhoads and L. Mclntosh, unpublished results) . The peak in the accumulation of the proteins always occurred by 16 hr after SA application (lanes 16-and 16+), as did the peak in the capacity. Qualitatively, the levels of the proteins remained constant between the 16-and 24-hr time points (lanes 24-and 24+), although the capacity usually decreased slightly (Figure 2 ). Figure 3 8 shows that the accumulation of the 1.6-kb alternative oxidase transcript corresponded precisely to the accumulation of the alternative oxidase proteins. Transcript accumulation above the control level was apparent by 4 hr after the application of SA (lanes 4-and 4+). The accumulation was increased by the 8-hr time point (lanes 8-and 8+) . The highest level of the transcript was reached by 16 hr after SA application (lanes 16-and 16+), and the peak level was maintained until at least 24 hr after the application (lanes 24-and 24+). Lanes D5 and DO of Figure 3 show the level of the alternative oxidase transcript that was present at D-5 and D-day, respectively. It is interesting to note that the amount of the 1.6-kb transcript was slightly higher at time O (lane D5) than in the negative control at the 4-hr time point (lane 4-). Furthermore, the level of the alternative oxidase transcript increased steadily over the course of the experiment rather than rapidly at a specific time point. Figure 5A shows that nuclear, in vitro transcription of the voodoo lily rRNA gene(s) occurred in nuclei isolated from D-6 appendix tissue (slot Il), but in vitro synthesis of the alternative oxidase transcript was very low in the nuclei isolated from appendix tissue at this stage of development (slot 12). Figure  5 8 shows that in vitro transcription of rRNA gene(s) also occurred in nuclei isolated from D-day (mature) appendix tissue (slot Ml), but in vitro synthesis of the alternative oxidase transcript was very low in these nuclei as well (slot M2). Figure  5C shows that in vitro transcription of rRNA gene(s) (slot C1) and the actin gene(s) (slot C2) occurred in nuclei isolated from control D-4 tissue, but in vitro synthesis of the alternative oxidase transcript was very low in these nuclei (slot C3). Finally, Figure 5D shows that in vitro transcription of rRNA gene(s) (slot SAl) and the actin gene(s) (slot SA2) also occurred in nuclei isolated from D-4 tissue treated with SA, but that in vitro synthesis of the alternative oxidase transcript was very low in these nuclei as well (slot SA3).
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DISCUSSION
In the appendix tissue of the voodoo lily inflorescence, SA is an endogenous signal that "triggers" an increase in the capacity of the alternative respiratory pathway, which results in thermogenesis (Meeuse, 1966; Raskin et al., 1987) . The levels of the alternative oxidase proteins, particularly the 35-and 36-kD proteins, present at each day (from D-5 until D-day) in the development of the inflorescence corresponded to the level of the alternative pathway capacity. The level of the 1.6-kb transcript, which encodes the 42-kD alternative oxidase precursor protein, increased from a relatively low level at 10 AM on D-2 to a high level on D-1. The level of the 1.6-kb transcript remained high until at least 10 AM of D-day, when the level of each of the alternative oxidase proteins was highest and when thermogenesis of the appendix tissue was approaching a peak (Raskin et al., 1987 (Raskin et al., , 1989 . However, Raskin et al. (1989) have demonstrated that SA begins to appear in the appendix tissue early on D-1, but does not reach a peak until late in D-1 or during the dark period between D-1 and D-day. Taken together, these data indicate that the capacity of the alternative pathway and the levels of the alternative oxidase proteins in the appendix tissue begin to rise relatively early in the development of the inflorescence (D-3), when the level of SA is, presumably, quite low. In contrast, the amount of the 1.6-kb transcript is relatively low until at least 10 AM of D-1, D4 C 8 8 16 16 24 244848 at which time there is a dramatic increase in the level. This~ + ~ +~ +-+ increase may correspond to the appearance of SA in the ap-!; : !!j|jj%:-::$!!• pendix tissue. We have not determined the level of SA in the appendix tissue used for these experiments, but the peak in the SA level usually occurs late on D-1 (Raskin et al., 1989) . The basal level ( Figure 3B , lane D5) of the transcript probably accounts for the constitutive expression of the 37-kD protein and allows for the steady rise in the accumulation of the 35-and 36-kD proteins. We have not determined if the level of the 1.6-kb transcript changes between D-5 and D-2. Because the accumulation of the alternative oxidase proteins in developing appendix tissue seems to precede the dramatic rise in the SA levels observed by Raskin et al. (1989) 
it is possible that the developmental regulation of expression of the alternative oxidase gene, aoxl, of voodoo lily appendix tissue is controlled by one or more additional regulators, not by SA alone. SA may then act as a light-induced (Raskin et al., 1987 (Raskin et al., , 1989 "booster" of the transcript and protein levels at the critical time of D-1 through D-day so that thermogenesis occurs at precisely the proper time. The developmental experiments and the time course studies indicate that the acj! cumulation of the alternative oxidase transcript is the first step in the dramatic burst of alternative pathway capacity between D-1 and D-day, which results in thermogenesis. Therefore, it is likely that SA functions at the level of transcript accumulation. Applied SA causes immature appendix tissue sections to become thermogenic between 16 and 24 hr after application.
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We have demonstrated that thermogenesis is accompanied -+ -+ -+ -+ by an increase in the capacity of the alternative pathway, which peaks at 16 hr after application. The accumulation of the alternative oxidase proteins, which began as early as 5 hr after pAOSG81.
the application of SA, also peaked at 16 hr and remained essentially constant until 24 hr after application. The level of the 1.6-kb alternative oxidase transcript began to rise by about 4 hr after the application of SA, continued to rise to a peak at 16 hr after the application, and remained essentially constant until 24 hr. Thus, the time course for increase in alternative
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B pathway capacity, the time course for the accumulation of the alternative oxidase proteins, and the time course for the accumulation of the transcript coincided precisely. Furthermore, these results agree with a developmental time course in which SA, released from the male floral region on D-1, "boosts" the levels of the alternative oxidase transcript and proteins, resulting in thermogenesis at about noon on D-day. In addition, these results demonstrate that SA alone (in lighted conditions) was sufficient to cause these changes. It is difficult to derive a clear picture of how SA regulates the accumulation of the alternative oxidase proteins in the mitochondria of the appendix tissue from the inhibitor data presented here. It is possible that the effects of cycloheximide are due to the inhibitor simply blocking the synthesis of a protein(s) involved in general translation or a protein(s) involved in general transcription. Likewise, it is possible that actinomycin D blocks the transcription of a gene(s) whose product(s) is involved in general translation or transcription. Although we do not know the components of the SA signal transduction pathway that are eliminated by cycloheximide and/or actinomycin D, it is clear that both de novo transcription and de novo translation are required for the accumulation of the alternative oxidase transcript and proteins. If the inhibitors are not having general effects, then it appears that SA is affecting the accumulation of the 1.6-kb alternative oxidase transcript because actinomycin D does block the accumulation of the transcript when SA is present.
The nuclear, in vitro transcription data presented indicate that the rate of transcription of aOX7 was the same at 13-6 and D-day. Likewise, nuclear, in vitro transcription assays using nuclei isolated from untreated, immature (D-5) appendix tissue and sections from the same appendix treated with SA for 24 hr indicate that the rate of transcription of aox7 was the same in the treated tissue and the untreated tissue. It is possible that the leve1 of detection of the nuclear, in vitro transcription assays was not sensitive enough to detect the levels of the alternative oxidase transcript produced in these tissues. However, this possibility seems unlikely because the amount of the transcript is extremely high in the appendix tissue at D-day and after treatment with SA. Furthermore, the rate of transcription of aox7 may increase at aspecific time in the development of the appendix and at a specific time after the application of SA, and we may not have isolated nuclei from the appendix tissue at one of these specific times.
Eased on the data presented, there are severa1 possible mechanisms by which SA is regulating the expression of the alternative oxidase proteins and the capacity of the pathway. Eecause SA does induce an accumulation of the 1.6-kb alternative oxidase transcript, we assume that this is the ultimate purpose of SA in regulating the alternative pathway in the appendix tissue. However, this does not eliminate the possibility that SA also regulates the accumulation of the alternative oxidase proteins in the mitochondria by increasing the production of an unidentified protein(s) involved in transport of the precursor protein to the inner mitochondrial membrane. Alternatively, SA may cause a stabilization of the 1.6-kb transcript by binding to a protein that stabilizes the 1.6-kb aoxl transcript or initiating a complex series of events that eventually results in a stabilization of the ~10x7 transcript. Any of these mechanisms would be inhibited by both actinomycin D and cycloheximide if the protein(s) involved must be made by de novo transcription and translation. A putative, soluble SA-binding protein in tobacco has recently been identified (Chen and Klessig, 1991) . It is possible that this protein is involved in some pathway leading to a response to SA in tobacco.
Finally, it is likely that a complex mechanism accounts for the SA regulation of the alternative respiratory pathway. However, once the mechanism is elucidated, it will be very interesting to determine if SA regulates the expression of other proteins in other higher plants, such as the pathogenesisrelated and systemic acquired resistance proteins in tobacco and cucumber, via the same mechanism.
METHODS
Plant Material
Voodoo lily (Sauromatum guttatum) plants were maintained as previously described (Elthon and Mclntosh, 1987) . The day the inflorescence blooms and the appendix tissue of the spadix heats is referred to as D-day (for anatomy, see Meeuse, 1966) . Other developmental stages of the plant are indicated as the number of days before or after D-day (D-1 being the day before and D+l the day after D-day). Between the time the inflorescence begins to develop and the end of D-2, the inflorescence is referred to as "immature." Salicylic Acid and lnhibitor Treatment of Tissue Sections At 8 AM (time O) of D-6, D-5, or D-4, the appendix tissue of a voodoo lily plant was cut into 1.0-to 1.5-cm sections. Sections were placed into 10" beakers containing 1.0 mL of phosphate buffer (10 mM KH2P04 and 50 pglmL streptomycin), and a drop of buffer was placed on top of each section.
For the time course experiments, one set of sections at each time point was incubated in phosphate buffer alone and one set in phosphate buffer containing 1.0 mM salicylic acid (SA) . The portion of the appendix remaining on the plant until the inflorescence bloomed is referred to as the D-day tissue sample. Application of calorigen served as a positive control for the induction of the accumulation of the alternative oxidase proteins (Raskin et al., 1987) . Calorigen, a crude extract of the male floral region of the inflorescence, was prepared as described by Raskin et al. (1987) .
For the inhibitor experiments, actinomycin D (60 pglmL final concentration; Sigma), an inhibitor of transcription, was added to one of four sets of sections, and cycloheximide (15 pglmL final concentration; Sigma), an inhibitor ot translation by 80s ribosomes, was added to a second set. After 2 hr of incubation at room temperature, SA was added (1.0 mM final concentration) to the two experimental sets of sections and the positive control set. The negative control set was incubated in phosphate buffer for the duration of the experiment. The beakers were covered and incubated at rOOm temperature for an additional22 hr.
For the nuclear, in vitro transcription experiments, six to eight sections from all along the length of an appendix were incubated in phosphate buffer for 24 hr and other sections from the same appendix were incubated in phosphate buffer containing 1.0 mM SA.
lsolation of Mitochondria and Respiration Assays
Mitochondria were isolated by a modification of the procedure of Schwitzguebel and Siegenthaler (1984) as described previously (Rhoads and Mclntosh, 1991) . The oxygen content of airsaturated water was estimated according to Estabrook (1987) . Respiration rates were measured as oxygen uptake using a Rank Brothers (Cambridge, UK) oxygen electrode. The capacity of the alternative pathway was measured in 1.0 mL of reaction medium (250 mM sucrose, 30 mM 3-[N-morpholino]propanesulfonic acid [Mops], pH 6.8) at 25OC with 1 mM NADH as the substrate. Carbonyl cyanide p-(trif1uoromethoxy)-phenylhydrazone was added to 0.5 pM after NADH in order to diminish the electrochemical gradient prior to measurement of the pathway capacity (Elthon et al., 1986) . The capacity of the alternative pathway was taken as the rate of oxygen uptake sensitive to 1 mM salicylhydroxamic acid in the presence of 1 mM potassium cyanide (Elthon and Mclntosh, 1987) . The capacities were standardized by dividing each value by the total amount of protein in the reaction (which is directly proportional to the number of mitochondria in the assay). The amount of total protein in each sample was determined by the procedure of Larson et al. (1986) .
Gel Electrophoresis, Immunoblotting, and Antisera SDS-PAGE and immunoblotting were performed as described previously (Elthon and Mclntosh, 1987) . Antibodies used were the AOA monoclonal antibodies raised to the 36-kD alternative oxidase protein of voodoo lily, which recognize all three alternative oxidase proteins of voodoo lily (Elthon et al., 1989a) . Because the same amount of total mitochondrial protein was loaded onto each lane of each polyacrylamide gel, the protein detected on protein blots represents the proportion of total mitochondrial proteins that constitutes the alternative oxidase proteins.
Plasmid lnsert lsolation and Radiolabeling
The 1400-bp EcoRl insert of pAOSG8l (Rhoads and Mclntosh, 1991) was purified as described in Sambrook et al. (1989) , except that the elution buffer was 10 mM Tris-HCI, pH 7.5, 0.1 mM EDTA, 0.05% SDS, and 0.3 M LiCl and the insert was electrophoresed through two successive polyacrylamide gels. The purified fragment was resuspended to a concentration of 60 ng/pL in Tris-EDTA. The purified inserts were used to make DNA radiolabeled with U -~~P -~A T P (Amersham Corp.) by the random primer method (Feinberg and Vogelstein, 1983) . Specific activity of the DNA probes was routinely about 107 cpmlpg template, as determined by the sodium phosphate wash method (Sambrook et al., 1989) .
RNA lsolation and Blots
Total RNA was isolated from frozen (in liquid N2) voodoo lily appendix tissue by the procedure of Mclntosh and Cattolico (1978) as described by Rhoads and Mclntosh (1991) . RNA was separated on agarose gels containing formaldehyde as described by Ausubel et al. (1987) and transferred to nitrocellulose (Schleicher 8, Schuell) as described by Sambrook et al. (1989) . All RNA blots were probed with radiolabeled DNA made using the purified insert of pAOSG8l as described above. Hybridization was done under high-stringency hybridization conditions as described by Sambrook et al. (1989) . Autoradiography using Kodak diagnostic film XAR-5 was used to view the hybridization results as described by Ausubel at al. (1987) . The amount of radiolabeled probe that hybridized to each sample was determined using a Phospholmager (Molecular Dynamics, Sunnyvale, CA). Because each lane of each RNA blot contained the same amount of total RNA, the amount of hybridized probe detected represents the proportion of total RNA that constitutes the alternative oxidase transcript.
lsolation of Nuclei and in Vitro Transcription
Nuclei were isolated following method II of Luthe and Quatrano (198Oa) , except that the discontinuous gradients contained 25, 50, and 80%
(v/v) Percoll layers, all on top of a 2.0-M sucrose cushion, and the centrifugation for the washes was done at 11OOg. Most of the nuclei were found at the interface between the 80% Percoll and 2.0-M sucrose layers as determined by fluorescence microscopy of a 50150 (vlv) mixture of nuclei and stain (20 mg/mL 4',6-diamidino-2-phenylindole, 0.1 x phosphate-buffered saline, 0.05% [wlv] sodium azide, 90% [vlv] glycerol). Nuclei were isolated from the appendix tissue of voodoo lily plants on D-6, D-5, D-4, or D-day. In a separate experiment, tissue sections from a D-6 plant were incubated for 24 hr in phosphate buffer or in phosphate buffer containing 1.0 mM SA. Nuclei were then isolated from the appendix tissue sections. In vitro RNA synthesis was performed essentially as described by Luthe and Quatrano (1980b) .
The final concentrations of ATP and GTP were both 0.5 mM, 3 to 5 pL of u-~*P-UTP (20 mCilmL, 800 Cilmmol) was used in each synthesis, and the final volume was 200 pL. lsolation of In Vitro-Synthesized RNA After the in vitro synthesis, RNase-free DNase I was added to a final concentration of 0.5 pg/pL and the mixture was incubated at 26OC for 5 min. An equal volume of proteinase K mix (200 pg/mL proteinase K, 2% SDS, 10 mM EDTA, 20 mM Tris-HCI, pH 7.4, and 200 pg/mL yeast tRNA) was added to each sample, and the samples were incubated at 37OC for 30 min. Each sample was extracted twice with an equal volume of phenol/chloroform/isoamyl alcohol(25:24:1 [v/v] ).
The RNA was precipitated twice using ammonium acetate and ethano1 as described by Sambrook et al. (1989) and resuspended in 50 pL of STE (100 mM NaCI, 10 mM Tris-HCI, pH 8.0,l.O mM EDTA). NaOH was added to a final concentration of 0.2 N, and the RNAwas incubated on ice for 10 min, followed immediately by the addition of 1 M Hepes to a final concentration of 0.25 M. The RNA was ethanol precipitated and resuspended in 50 pL of Tris-EDTA. The total number of counts in each RNA sample was determined by the sodium phosphate wash method (Sambrook et al., 1989) . To compare gene expression at different developmental stages, we used the same number of total counts per minute of the RNA made from immature appendix tissue nuclei as the number of total counts per minute of the RNA made from the D-day appendix tissue nuclei. To compare gene expression in SAtreated and untreated tissue, we used the same number of total counts per minute of the RNA made from untreated appendix tissue nuclei as the number of total counts per minute of the RNA made from the nuclei from the SA-treated appendix tissue.
Hybridlzation of in Vitro-Synthesized RNA to DNA Probes
The unlabeled DNA samples used to determine the levels of the specific transcripts produced by in vitro transcription in isolated nuclei are as follows: (1) the single-stranded form of the phagemid pAOSG81, corresponding to the antisense of the 1.6-kb alternative oxidase transcript; (2) a single-stranded form of phagemid p25SSG10; and (3) denatured pSAc3 DNA (agenerous gift of Dr. R. B. Meagher). Phagemid p25SSG10 is a cDNA clone that has been partially sequenced and corresponds to a voodoo lily 25s rRNA gene based on the observation that it has >90% sequence similarity to bases 846 to 1982 of the rice 25s rRNA gene (Takaiwa et al., 1985) . Plasmid pSAc3 is a genomic clone that represents a soybean actin gene (Shah et al., 1982) . The DNA samples were denatured and applied to a nitrocellulose membrane as described by Ausubel et al. (1987) . Prehybridization, hybridization, and washing conditions were essentially as described by Ausubel et al. (1987) , except that 50 mM sodium phosphate was used instead of potassium phosphate; 25 pg/mL salmon sperm DNA and 1 x Denhardt's solution (1 x Denhardt's solution is 0.02% Ficoll, 0.02% polyvinylpyrrolidone, and 0.02% BSA) were used in the prehybridization and hybridization solutions; and 12.5% dextran sulfate was used in the hybridization solution. Hybridization was performed at 42OC for 72 hr, and the filters were washed four times in 2 x SSC (1 x SSC is 0.15 M NaCI, 0.015 sodium citrate) containing O.l0/0 (v/v) SDS for 5 min at room temperature and once in 0.1 x SSC containing 0.10/0 (v/v) SDS for 5 min at 50%. The amount of radiolabeled RNA that hybridized to each probe was visualized by autoradiography (Sambrook at al., 1989) .
